Aim The aim of this study was to explore urogenital dysfunction and associated risk factors after treatment of rectal cancer, in a large national cohort of patients 3 years after abdominoperineal excision, and to compare outcomes with a reference population and a cohort of patients operated for prostate cancer.
Method Patients treated with abdominoperineal excision in 2007-2009 were identified using the Swedish Colorectal Cancer Registry. All consenting patients received a questionnaire. A sample of the Swedish population was contacted and completed a questionnaire. Patients undergoing radical prostatectomy in a prospective multicentre trial received questionnaires 24 months after surgery.
Results
In the abdominoperineal excision, reference and radical prostatectomy populations 72%, 51% and 91% of the questionnaires were returned. Within the abdominoperineal excision group 36% of the men and 57% of the women were incontinent postoperatively. Fifteen per cent and 37% of men and women in the reference group were incontinent. Two years after radical prostatectomy 49% were incontinent. Seventyfour per cent of the men had erectile dysfunction after abdominoperineal excision. Nineteen per cent of the women experienced reduced ability to reach orgasm. Fewer men and women experienced their present sex life as satisfying after abdominoperineal excision for rectal cancer compared with the reference population.
Conclusion A large proportion of patients endure persistent urogenital dysfunction after abdominoperineal excision for rectal cancer as do men after radical prostatectomy. Effects on sexual and urinary function should be part of preoperative information and after surgery patients should be asked about function in order to identify those in need of further assistance.
Keywords Rectal cancer, prostate cancer, urinary dysfunction, sexual dysfunction, urogenital dysfunction What does this paper add to the literature? Rectal cancer treatment is associated with impairments such as urogenital dysfunction. Surgery is found to be associated with sexual dysfunction and associated distress. Prevalence estimates of dysfunction are based on a large cohort using a validated questionnaire with a large response rate. Patients should be advised about possible effects on urogenital function at the time of decision on treatment and asked about function after surgery in order to identify those in need of further assistance.
Introduction
Abdominoperineal excision (APE) is a surgical treatment for low rectal cancer. In addition to surgery, patients with advanced tumours receive (chemo)radiotherapy preoperatively. The neoadjuvant (chemo)radiotherapy may cause nerve and tissue damage and decrease the production of sexual hormones [1, 2] . The operation causes substantial anatomical changes and may also damage nerves to the urinary bladder and sexual organs. Consequently the treatment of rectal cancer may result in incontinence and sexual dysfunction in both men and women. Previous studies have reported that 0-35% of patients suffer from bladder dysfunction after treatment for rectal cancer [3] [4] [5] , and approximately 40% of sexually active patients become sexually inactive after treatment for rectal cancer [6, 7] .
Risk factors for urogenital dysfunction after rectal cancer surgery have been suggested to be neoadjuvant (chemo)radiotherapy, type of surgical procedure and older age at surgery [4, [7] [8] [9] [10] .
The aim of this study was to explore self-reported urogenital dysfunction in a large national cohort of patients who had undergone APE as treatment of rectal cancer 3 years previously and to compare outcome with a randomly selected reference population as well as a cohort of patients 2 years after radical prostatectomy for prostate cancer.
Method APER study
This is a sub-study within the framework of a study on oncological outcome after APE, the Abdomino Perineal Extralevator Resection (APER) study [11, 12] . Patients who had been treated by APE due to rectal cancer between 2007 and 2009 were identified using the Swedish Colorectal Cancer Registry. A detailed description of the study has been published previously [12, 13] . All patients alive 3 years postoperatively were contacted and those who consented were sent a questionnaire.
The validation process of the questionnaire is described in Fig. 1 and has been described in detail previously [11] [12] [13] [14] [15] . The questionnaire was developed according to an established method that involved semistructured interviews with patients operated by APE, followed by a qualitative content analysis and development and selection of questions by an expert panel. Many of the questions in the questionnaire have been used earlier in other cohorts of cancer patients [14] [15] [16] [17] . A research nurse performed repeated face-to-face validation with patients, revising the questionnaire as needed [16] .
Data derived from the Swedish Colorectal Cancer Registry included age, sex, American Society of Anesthesiology (ASA) classification, adjuvant (chemo-)radiotherapy treatment and local recurrence. Surgical charts were retrieved and reviewed to determine the surgical method (APE, extralevator APE or 'not stated') by one of the authors (MP), as described in previous publications [11, 12] , and the extent of the operation regarding removal of or damage to adjacent organs (by one of the authors, AL). The operation was considered to be an extralevator APE if it was described in the operating notes as a 'Holm's procedure', if the specimen was described as cylindrical, or if it was stated that the levator muscle was dissected laterally or with a distance from the rectum. The procedure was categorized as 'extensive' (simultaneous removal of multiple organs or the bladder), 'moderately extensive' (removal of one whole and/ or part of an organ and/or damage to one or several organs) or 'standard' (no removal or damage to adjacent organs during the extralevator or standard APE procedure).
Reference population
A representative sample of the Swedish population in age groups from 30 to 89 years, a total of 3000 individuals, was retrieved from the Swedish Tax Agency. The individuals were contacted by mail with information regarding the study followed by contact by telephone. After receiving informed consent the questionnaire was sent with a prepaid return envelope. The questionnaire sent to the reference population was validated in a manner similar to those used for the APER and LAPPRO cohorts (Fig. 1) .
The LAPPRO population
LAPPRO is a multicentre, prospective, non-randomized, controlled trial including patients who underwent radical prostatectomy in 2008-2012 either by a conventional open technique or by a robot assisted laparoscopic technique. Detailed descriptions of the trial have been published [17, 18] . Consenting patients were sent questionnaires preoperatively and at 3, 12 and 24 months after surgery. Data regarding age and ASA classification were retrieved from the preoperative clinical record forms. Comorbidity was derived from the preoperative questionnaire. Data regarding urinary and erectile function were retrieved from the questionnaire at 24 months postoperatively. The questionnaire validation process is described in Fig. 1 .
Assessing urogenital dysfunction
Answers to specific questions regarding urogenital dysfunction were retrieved from the questionnaire in the APER population (Data S1). To compare urinary dysfunction between the populations, identical questions were used in the LAPPRO and reference populations' questionnaires. When comparing sexual dysfunction between the three cohorts, not all questions were identical and therefore similar questions addressing erectile function, pain, lubrication, orgasm and distress associated with sexual function were used for comparisons across cohorts.
Risk factors for urogenital dysfunction
When analysing risk factors for urogenital dysfunction in the APER population, outcome variables were chosen that would best reflect overall urinary and sexual function. The end-point addressing urinary dysfunction was a synthesis of three questions regarding leakage during daytime, leakage during the night and the use of urinary incontinence aids. Patients with preoperative urinary leakage as well as patients with a urostomy or chronic catheter were excluded from the analysis. The end-point for sexual function/dysfunction was assessed by the question 'Are you content with your sexuality and your current sex-life as it has been during the past month?', where the answers were dichotomized as 'not at all' vs 'a little', 'moderately' and 'much'. Patients unable to achieve orgasm or erection preoperatively were excluded from the analysis.
By clinical experience and review of previous literature [3, 4, 6, [8] [9] [10] 19, 20] the following variables were identified as potential risk factors for urogenital dysfunction 3 years after APE and were included in the statistical analysis: age, sex, marital status, comorbidity, ASA, (neo)adjuvant (chemo)radiotherapy, preoperative urogenital dysfunction, surgical method, extent of surgery, postoperative infection, local recurrence and stomarelated worries (only used in analysis for sexual dysfunction).
The following variables were collected from the questionnaires: marital status (in a relationship vs not in a relationship), comorbidity (one or more of the illnesses diabetes, cardiovascular disease, high blood pressure or chronic obstructive pulmonary disease) and postoperative infection in the perineal wound (yes/no). Postoperative infection was defined as delayed perineal wound healing, longer than 4 weeks. Preoperative urinary incontinence was derived from the question 'Did you suffer from urinary leakage before your operation?' and preoperative sexual dysfunction was derived from the questions 'Has your ability to reach orgasm been reduced after your surgical treatment for rectal cancer?' and 'Has your erection been diminished after your surgical treatment for rectal cancer?' where patients answering 'I could not reach/obtain orgasm/ erection before surgery' were regarded as having sexual dysfunction preoperatively. Answers to the question 'Have you ever worried that something embarrassing will happen during sexual activity due to your stoma?' were dichotomized into yes ('partly true', 'largely true' or 'completely true') or no ('not true'). Stoma-related worries were only analysed when assessing risk factors for sexual dysfunction. For further details regarding dichotomization see Data S1.
The remainder of the variables were collected from the Swedish Colorectal Cancer Registry.
Statistical analysis
Urogenital dysfunction was compared across three different cohorts: patients 3 years after APE, a reference population and patients 2 years after radical prostatectomy (LAPPRO). All patients with questionnaire data were included in the evaluation. The comparisons were done for men and women separately using a CochranMantel-Haenszel hypothesis test of general association [21] , stratified by age group (30-49, 50-59, 60-69, 70-79, 80-years). Response options were categorized as explained in the tables. Details on categorization are given in Data S1.
In the risk factor assessment, patients with preoperative urinary leakage as well as patients with a urostomy or chronic catheter were excluded from the analysis. All the variables identified as potential risk factors were included simultaneously as predictors in a generalized linear model. Since convergence problems may arise when estimating risk ratios in binomial regression, the modified Poisson regression approach proposed by Zou [22, 23] was used instead. Interaction effects and the presence of multicollinearity were explored. The results are presented as risk ratios for urinary and sexual dysfunction, two-sided 95% confidence intervals and P values. Assessed risk factors are presented in Data S2. No imputation of missing values was made.
Statistical analyses were performed using SPSS v. 21.0 (IBM SPSS Inc., Armonk, New York, USA) and SAS v. 9.4 (SAS Institute Inc., Cary, North Carolina, USA). Due to the explorative nature of this study, results should be interpreted with care and regarded as interesting findings rather than conclusive evidence.
Results
The APER cohort consisted of 1373 patients of whom 852 were alive 3 years postoperatively. Of 761 patients who were mentally and physically able to participate, 545 (72%) returned the completed questionnaire (Fig. 2a) . Of the 545 responders 502 (92%) and 43 (8%) were operated by open and laparoscopic surgery, respectively. The questionnaire sent to 2094 of the individuals in the reference population was answered by 1078 (51%) individuals (Fig. 2b) . The LAPPRO cohort initially enrolled 4003 patients in this study and after exclusions consisted of 3706 patients operated with radical prostatectomy for prostate cancer (Fig. 2c) of whom 91% responded to the questionnaire at 24 months.
The demographics are shown in Table 1 . The median age was 69 years in the APER cohort, 63 years in the reference cohort and 66 years in the LAPPRO cohort.
The APER cohort consisted of 60% men, as expected, whereas in the reference population there was an equal distribution between sexes (48% vs 52%). There was a difference in level of education where 20% of the APER patients had a higher level of education, i.e. university or similar, compared with 32% of the reference population and 38% in the LAPPRO trial. Marital status differed, with 73% in a relationship in the APER study, 76% in the reference population and 81% in the LAPPRO population. The reference and LAP-PRO cohorts reported less comorbidity (34% and 35%) compared with the patients with rectal cancer (APER) (48%).
Urinary function
Urinary function differed significantly between the groups. In the APER population 36% of the men were incontinent, in comparison with 15% of the men in the reference cohort and 49% in the LAPPRO cohort, respectively (Table 2) . If current bladder dysfunction were to remain the same throughout their life 28%, 16% and 39% of the men in the three populations stated it would have a negative impact. Eight (2%) and 15 (7%) of the men and women, respectively, stated that they experienced urinary leakage prior to surgery. Thirty-five (6%) reported that they had a urostomy or chronic catheter.
In women, rates of urinary incontinence was significantly higher in the APER study compared with the reference population (57% vs 37%) ( Table 3) . Forty-two per cent of women would be distressed if their urinary incontinence after APE were to remain the same for the rest of their lives, compared with 32% in the reference population.
Female sex was a risk factor for urinary incontinence (risk ratio 1.60; 95% CI 1.18-2.16). Among both men and women, individuals with ASA III classification had a significantly increased risk for urinary incontinence after APE compared with individuals classified as ASA II (risk ratio 1.49; 95% CI 1.09-2.05) (see Fig. 3a ).
Sexual function
In the APER population 74% of the men experienced erectile dysfunction compared with 9% in the reference cohort. Erectile dysfunction was reported by 77% in the LAPPRO population (Tables 4 and 5) .
Sixty-seven per cent of the men in the APER study reported that if the erectile dysfunction were to be permanent this would distress them (Table 4a) , compared with 73% in the LAPPRO cohort (Table 5) .
Seventy-one per cent of the women in the APER cohort had been sexually inactive the past month compared with 44% in the reference population (data not shown). The prevalence of deep pain during intercourse was similar in the two populations (9% and 8%, respectively; Table 6 ).
In the APER population the ability to achieve orgasm had changed or diminished in 53% and 19% of men and women, respectively. Thirty-nine per cent and 65% of the men in the APER and reference populations, respectively, were satisfied with their current sex-life. For women the corresponding numbers was 48% and 70%, respectively.
A risk factor for dissatisfaction with sexual life and sexuality was male sex (risk ratio 1.55; 95% CI 1.16-2.05) (see Fig. 3b ).
Discussion and conclusions
The results of this study confirmed that patients operated for rectal cancer with APE had significant urogenital dysfunction 3 years after surgery. A third of the men and more than half of the women were incontinent and most of those patients regarded this as having a negative impact. Even more frequent was sexual dysfunction, which was reported by a majority of all men. More than half the men and one-third of the women were dissatisfied with their current sexual lives. Missing data not presented. Age when answering the questionnaire is used. *Answering 'no' to the question: do you feel depressed? †Patient-reported prevalence of diabetes, heart disease, chronic obstructive pulmonary disease or high blood pressure.
Postoperative incontinence after rectal cancer surgery is well known and has been described in previous studies [3] [4] [5] [24] [25] [26] . Results in the CLASSIC and COLOR II trials indicated a return to preoperative levels after 6-12 months [24, 27, 28] using the EORTC C38 instrument, whereas the Dutch TME trial [29] found that 38% of the patients were incontinent several years after surgery, most commonly the elderly and women with preoperative incontinence. The Dutch TME trial used multiple, not previously validated, prospective questionnaires [9, 29] . Possibly some of the differences in the various reports can be attributed to using different instruments, where both questions and answering alternatives influence the results.
High rates of incontinence have been found in populations of women treated for rectal cancer [4, 26] . Mild to moderate levels of long-term micturition problems have been reported by Kasparek et al. after APE, not significantly affecting quality of life [3] . In our study we found that a majority (68%) of patients, both men and women, with incontinence were troubled by this. Similar rates of bother were found in the LAPPRO and reference populations, indicating that incontinence is a problem where improved care could benefit many patients. There were various degrees of inconsistency between the prevalence of dysfunction and the corresponding distress. This inconsistency may be due to lack of construct validity, but also depends on the outcome definition used.
Our study confirmed female sex as a risk factor for postoperative incontinence [25] . Pregnancy is one reason why women are more affected [29] . Results from the TME trial indicated that radiotherapy did not affect long-term bladder dysfunction after treatment for rectal cancer [30] whereas other studies have proposed a transient effect on male urinary dysfunction after radiotherapy due to swelling of the prostate [24, 27] . We could neither confirm nor discard these suggestions due to the high number of irradiated patients in the APER population. Neither were other proposed risk factors such as older age or preoperative urinary dysfunction confirmed in our study. Instead, we found that (6) 9 (2) 354 (8) More than once per day 33 (10) 14 (2) 709 (21) (16) 1433 (39) Missing data 16 (5) 10 (2) 345 (9) Details regarding categorization are presented in Data S1. *A synthesis of three questions regarding leakage during daytime or night time and use of urinary aids was regarded as continent when the patients denied all three aspects of leakage. (8) 41 (7) More than once per day 71 (33) 96 (17) Missing data 9 (4) 9 ( comorbidity as indicated by a higher ASA grade predisposed patients to postoperative incontinence. ASA grade has not previously been reported as a risk factor and may require further studies for corroboration.
Rates of sexual dysfunction after treatment for rectal cancer vary greatly in the literature. We found that 74% of the men in the APER population reported a decline in erectile function after surgery. Our figures are similar Has your erection been diminished after your surgical treatment for rectal cancer?
25 (8) 13 (4) 24 (7) 243 (74) 22 (7) Has your ability to reach orgasm been reduced after your surgical treatment for rectal cancer?* 20 (6) 70 (21) 35 (11) 173 (53) 29 (9) If you have had a reduced erection or no erection at all after your rectal cancer surgery, and it would remain the same for the rest of your life, would this affect you negatively? † 34 (10) 24 (7) 34 (10) 220 (67) 15 (5) Are you satisfied with your sexuality and your sexual life, as it has been the last month (regardless of whether you have a partner or not)?
--172 (53) 126 (39) 29 (9) (b) Has your erection been diminished the last month? 87 (17) 23 (5) 349 (68) 46 (9) 7 (1) Has your ability to reach orgasm been reduced the last month?* 13 (3) 135 (26) 314 (61) 42 (8) 8 (2) If you have had a reduced or diminished erection, and it would remain the same for the rest of your life, would this affect you negatively? † 247 (48) 87 (17) 32 (6) 133 (26) 13 (3) Are you satisfied with your sexuality and your current sexual life, as it has been the last month (regardless of whether you have a partner or not)? (65) 16 (3) Details regarding categorization are presented in Data S1. *Not applicable is equivalent to answering 'I didn't achieve orgasm before the operation/this month'. Yes is equivalent to answering 'it has become more difficult'. †Not applicable is equivalent to answering 'I didn't achieve erection before the operation/this month' and no is equivalent to answering 'there has been no change in my erection'. to those of Bruheim et al. [31] and the results from the COLOR II trial [24] . Reported rates of erectile dysfunction were similar in the APER and LAPPRO populations, indicating surgery in the pelvis as an important reason. In LAPPRO baseline erectile dysfunction, as defined by stiffness of the penis during sexual activity, was 33% [32] . Due to lack of baseline data in APER the results should be interpreted with caution. However, we cannot elaborate on the role of preoperative radiation in connection with APR. It could still play a role in damage of the pelvic nerves, as the dissection for APR differs in certain aspects from that for radical prostatectomy. APE should be more nerve sparing in the pelvis compared with radical prostatectomy. Tissue inflammation, scarring and subsequent nerve damage can be a result of radiotherapy and some studies argue that radiotherapy is a risk factor for erectile dysfunction [7, 10, 31] . However, a majority of the APER population received radiotherapy, and the resulting rate of erectile dysfunction is similar to that in the LAPPRO population. This could indicate that both surgical technique and radiotherapy affect postoperative sexual function. The rate of sexual inactivity among women in the APER population was high (71%), in accordance with previous studies [8, 19, 26, 28, 30, 33, 34] . This could be due in part to age and relationship status, and a similar trend was seen in the reference population, but several studies have reported a significant decrease in sexual activity after rectal cancer treatment [24, 33] . Among the sexually active women in the APER population dyspareunia was common and could be due to adhesions, retroflection of the uterus, scarring of the vaginal wall and vaginal dryness caused by surgery and radiotherapy.
Our results suggest that men were distressed to a greater extent than women by their sexual dysfunction and that this also affected their quality of life. A difference between men and women was also observed in the reference population, implying that gender differences in sexual satisfaction were probably not only related to surgery. Still, dissatisfaction with one's sexual health has been shown to affect global quality of life in men and should thus be addressed in connection with rectal cancer surgery [35] .
This national cohort of rectal cancer patients included patients alive 3 years after APE for rectal cancer. Strengths of the study include the large cohorts with similar follow-up time and the use of validated questionnaires [14, 15] . The patients answered questionnaires at home and not in the presence of their surgeon. The questions have been used before and included questions on distress and concern, which is rather unusual in other types of questionnaire. Another strength was the relatively high response rate compared with other studies on urogenital dysfunction [5, 6, 30, 33, 34] . Asplund et al. [13] explored the potential selection bias in this cohort. Non-responders were older with more comorbidity and fewer received radiotherapy compared with responders. The high rate of non-responders in the reference group is a limitation. One reason for this was the difficulty in identifying telephone numbers for a high proportion of the individuals. An explanation for the differences in response rates may be that patients can relate to the content of the questionnaire more easily than individuals in a general population and that they are more supportive of this kind of research.
The retrospective design with no baseline data is a limitation, e.g. due to difficulties with recall bias. However, the comparison with the reference population may mitigate it to some extent. A limitation was that some of the questions addressed here were not identical across the three studies. However, we still regard these comparisons as interesting and used identical questions whenever possible, or questions as closely related as possible.
Although there are few large studies on urinary and sexual function after abdominoperineal surgery, our results clearly indicate that problems postoperatively are frequent. After prostate cancer surgery men who felt that they had been well informed about the risk for urinary and sexual dysfunction after the procedure had less anxiety 3 months postoperatively [36] . Thus there is support for modern traditions concerning patient information and participation, to inform all patients not only about the expected positive results of treatment but also about the risk of complications [36] .
In conclusion, 3 years after APE urogenital dysfunction persisted. Pelvic surgery (both prostatectomy and APE) was associated with troubling sexual dysfunction particularly common in men. Even though far from all patients suffer from sexual or urinary dysfunction after pelvic surgery, we suggest that all patients should be advised about the risk for sexual and urinary dysfunction before pelvic surgery and that these aspects should be included in all follow-ups after surgery in order to identify those in need of further assistance [37, 38] .
